Large dams may be substantial contributors to greenhouse gas emissions. Nitrous oxide (N 2 O) is the third most important greenhouse gas but studies on N 2 O emission from reservoirs are limited. We ). This study suggests that the littoral zone is a substantial source of N 2 O. However, its spatiotemporal variation and environmental drivers are still not clear.
INTRODUCTION
Nitrous oxide (N 2 O) is considered to be the third most important greenhouse gas (Hernandez & Reservoirs are an important type of artificial wetland.
The global area of reservoirs was estimated as 251,000 km 2 (Lehner & Döll ) but may be much fuel; however, greenhouse gas emissions from reservoirs may have been underestimated (Fearnside ) .
Reservoirs are associated exclusively with human development (Stadmark & Leonardson ) (Guan et al. ) . Most of the muddy littoral area is distributed at the northern part of the reservoir (Figure 1 ), and we chose to study this part of the reservoir because it had the more typical habitat.
The study area was divided into three zones ( Gaertn, Roegneria kamoji Ohwi, the eulittoral zone by Medicago sativa L. and Humulus scandens (Lour.) Merr., and that of the infralittoral zone by Typha orientalis Presl., Echinochloa caudata Roshev, and Echinochloa crusgalli L. For more details on weather, biomass, soil water content (SWC), and soil C/N, see Figure 2 and Table 1 . 
where
; P (kPa) is the atmosphere pressure 
Monitoring of environmental parameters
While collecting N 2 O samples in the field, several environmental parameters were also measured. Atmospheric pressure was measured with a barometer (DYM3, Baoping, China), and wind speed with an anemometer (4101, Testo, Germany) at the top of the chamber during sampling. Soil or sediment temperature at 5 cm below the surface, soil or sediment surface temperature, and air temperature inside and outside the chamber were recorded using a portable digital thermometer (JM624, Jinming, China) during collection of the gas samples.
After gas sampling, above-ground biomass was determined from three replicate harvests of 50 cm × 50 cm in June, August, October, and May, after drying at 80 W C to constant weight.
Soil water content of plots without standing water was measured using a Soil Water Sensor (UNI1000, Shunlong, China). Water depth of each of the plots with standing water was measured with a meter ruler at the same time that the gas samples were collected. The effect of any variable was considered statistically significant if P < 0.05. All the analyses above were performed using IBM SPSS Statistics (19.0, IBM, USA).
Charts were made using SigmaPlot (11.0, SYSTAT, USA) and Microsoft Excel (2010, Microsoft, USA).
RESULTS

Monthly and spatial variation in N 2 O flux
Two-way ANOVA analysis showed that month, sampling zone, and the interaction between these two factors all significantly affected N 2 O flux (P < 0.05; Table 2 ). Nitrous oxide emissions from all sampling zones in June, August, and October 2009 were significantly lower than in January and May 2010 except in the supralittoral zone. There was no significant difference among the sample zones for the June to October period (P > 0.05), although we noted that the flux was negative (i.e., N 2 O was absorbed) at the supralittoral zone in October (Figure 3 ). Nitrous oxide flux from the infralittoral zone in May was 1.9 ± 0.6 mg m À2 h À1 , 18.4 ± 3.6 13.0 ± 3.0 35.8 ± 1.4
) 10.9 ± 1.5 7.9 ± 0.7 16.3 ± 0.3 which was significantly higher (P < 0.05) than that from the eulittoral zone (0.7 ± 0.05 mg m À2 h À1 ), and the supralittoral zone, which was lower than zero (À3.8 ± 1.2 × 10
). The same pattern was found in January for the different sampling zones (Figure 3 ). For the infralittoral zone, nitrous oxide flux first reached a peak at 06:00, and decreased to a relatively stable condition in August, but in October it peaked later, at 09:00 before decreasing to a stable level (Figures 4(g) and 4(h)).
In May the flux was significantly higher and peaked at 15:00 (Figure 4(i) ).
Key factors affecting N 2 O emission
The sampling month, sampling zone, and interaction of both factors significantly affected N 2 O emission (Table 2) . We found environmental factors, including SWC, biomass, soil temperature at 5 cm below soil surface, soil surface temperature, air temperature within and outside the chamber, and wind speed were significantly different among seasons and among littoral zones (Table 2) . Especially, the diurnal (Table 1) .
The Spearman correlation analysis indicated negative relationships between N 2 O emission and temperature and biomass (Table 3 ). There was no significant correlation between SWC and flux in infralittoral zone (R 2 ¼ 0.13, P > 0.05, df ¼ 4; Figure 5 ) when SWC was lower than 20%. Negative correlations appeared when SWC was higher than 60% both in the eulittoral zone (R 2 ¼ 0.62, P > 0.05, df ¼ 4) and the infralittoral zone (R 2 ¼ 0.97, P < 0.01, df ¼ 4), but it was not significant in the eulittoral zone. 0.52 À 0.9** À 0.53 0.37 À 0.9** À 0.9** À 0.37 À 0.65 0.42 0.77* 0.78* 0.83** 1 n 9 9 9 9 9 9 9 9 9 9 9 9 9
Notes: ** Indicates significant correlation at P < 0.001; * indicates significant correlation at P < 0.05.
N2O F, N2O flux; Atmos P, atmosphere pressure; Wind S, wind speed; À5 cm T, soil temperature at 5 cm below the surface; Sur T, soil surface temperature; Cham T, temperature inside chamber; Air T, temperature outside chamber; SWC, soil water content; SOM, soil organic matter; TN, soil total nitrogen; NO 3 À , soil NO 3
The horizontal line after the first n is a distinguishing mark for sampling sizes of different environmental factors.
DISCUSSION
The present study showed significant variation in the spatial and temporal N 2 O flux (Table 2) . Most notably, the mean . Basing on such findings, we speculated the higher emission from the infralittoral zone than the eulittoral zone, at least in May, was attributed partly to the 2.1-5.5 times higher SOM and TN (Table 1) . Moreover, spring rains may activate microbes (Breuer et al. ) or simply displace the greenhouse gas already stored in pore spaces (known as the 'Birch effect') (Unger et al. ).
The presence or absence of vegetation may affect emission rates in several ways. In the present study, low biomass was observed during high emission periods of January and May (Figure 2(g) ). At these times, plants were either 
